This paper considers several important issues for monolingual and multilingual link detection. The experimental results show that nouns, verbs, adjectives and compound nouns are useful to represent news stories; story expansion is helpful; topic segmentation has a little effect; and a translation model is needed to capture the differences between languages.
Introduction
In the digital era, how to assist users to deal with data explosion problem becomes emergent. News stories on the Internet contain a large amount of real-time and new information. Several attempts were made to extract information from news stories, e.g., multi-lingual multi-document summarization (Chen and Huang, 1999; Chen and Lin, 2000) , topic detection and tracking (abbreviated as TDT hereafter, http://www.nist.gov/TDT), and so on. Of these, TDT, which is a long-term project, proposed many diverse applications, e.g., story segmentation (Greiff et al., 2000) , topic tracking (Levow et al., 2000; Leek et al., 2002) , topic detection (Chen and Ku, 2002) and link detection (Allan et al., 2000) . This paper will focus on the link detection application. The TDT link detection aims to determine whether two stories discuss the same topic. Each story could discuss one or more than one topic, and the sizes of two stories compared may not be so comparable. For example, one story may contain 100 sentences and the other one may contain only 5 sentences. In addition, the stories may be represented in different languages. These are the main challenges of this task. In this paper, we will discuss and contribute on several issues:
1. How to represent a news story? 2. How to measure the similarity of news stories? 3. How to expand a story vector using historic information? 4. How to identify the subtopics embedded in a news story? 5. How to deal with news stories in different languages? The multilingual issue was first introduced in 1999 (TDT-3), and the source languages are mainly English and Mandarin. Dictionary-based translation strategy is applied broadly. In addition, some strategies were proposed to improve the translation accuracy. Leek et al., (2002) proposed probabilistic term translation and co-occurrence statistics strategies. The algorithm of co-occurrence statistics tended to favour those translations consistent with the rest of the document. Hui et al., (2001) proposed an enhanced translation approach for improving the translation by using a parallel corpus as an additional resource. Levow et al., (2000) proposed a corpus-based translation preference. English translation candidates were sorted in an order that reflected the dominant usage in the collection. Most of these methods need extra resources, e.g., a parallel corpus. In this paper, we will try to resolve multilingual issues with the lack of extra information.
Topic segmentation is a technique extensively utilized in information retrieval and automatic document summarization (Hearst et al., 1993; Nakao, 2001) . The effects were shown to be valid. This paper will introduce topic 
Environment
LDC provides corpora to support the different applications of TDT (Fiscus et al., 2002) . The corpora used in this paper are the TDT2 corpus and the augmented version of TDT3 corpus. We used the TDT2 corpus as training data, and evaluated the performance with the augmented version of TDT3 corpus. Both corpora are text and transcribed speech news from a number of sources in English and in Mandarin. The TDT2 corpus spans January 1, 1998 to June 30, 1998. There are 200 topics for English, and 20 topics for Mandarin. The TDT3 corpus spans October 1, 1998 to December 31, 1998. There are 120 topics for both English and Mandarin. In the augmented version of TDT3 corpus, additional news data is added. These data spans from July 1, 1998 to December 31, 1998. There are 34,908 story pairs (Fiscus et al., 2002) for link detection in both monolingual and multilingual tasks. Of these, the numbers of target and non-target pairs are 4,908 and 30,000, respectively. In the monolingual task, Mandarin news stories are translated into English ones through a machine translation system. In the multilingual task, Mandarin news stories are represented in the original Mandarin characters. In both tasks, all the audio news stories are transcribed through an automatic speech recognition (ASR) system.
We adopt the evaluation methodology defined in TDT to evaluate our system performance. The cost function for the task defined by TDT is shown as follows. The better the link detection is, the lower the normalized detection cost is. In the next sections, all experimental results are evaluated by this metric. The basic algorithm is shown as follows. Each story in a given pair is represented as a vector with tf*idf weights, where tf and idf denote term frequency and inverse document frequency as traditional IR defines. Then, the cosine function is used to measure the similarity of two stories. Finally, a predefined threshold, TH decision , is employed to decide whether two stories discuss the same topic or not. That is, two stories are on the same topic if their similarity is larger than the predefined threshold. The idf values and the thresholds are trained from TDT2 corpus. Each English story is tagged using "Apple Pie Parser" (version 5.9). In addition, English words are stemmed by Porter's algorithm, and function words are removed directly.
Story Representation
The noun terms denote interesting entities such as people names, location names, and organization names, and so on. The verb terms denote the specific events. In general, noun and verb terms are important features to identify the topic the story discusses. We conducted several experiments to investigate the performance of different story representations. Table 1 shows the performance of different story representation schemes under different similarity thresholds. The row denotes which lexical items are used. "All" means any kind of lexical items is The experimental results show that the best performance is 0.3437 when only noun and adjective terms are used to represent stories, and the similarity threshold is 0.09. Examining why nouns and adjectives terms carry more information than verbs, we found that there are important adjectives like "Asian", "financial", etc., and some important people names are mis-tagged as adjectives. And the matched verb terms, such as "keep", "lower", etc., carry less information and the similarity would be overestimated.
In the next experiments, we investigate the effects of compound nouns (abbreviated as CNs) in the story representation. The results are shown in Table 2 . All performances are improved when using CNs. The best one is 0.3283 when nouns, verbs, adjectives and CNs are adopted and the similarity threshold is 0.06. The performance is better than the result (i.e., 0.3437) in Table 1 . We found that the threshold for the best performance decreased in the CNs experiments. This is because matching CNs in two different news stories is more difficult than matching single terms, but the effect is very strong when matching is successful, such as "Red Cross", "Security Council", etc.
Story Expansion
The length of stories may be diverse. With the method proposed in Section 2.1, there may be very few features remaining for short stories. And different reporters would use different words to describe the same event. In such situations, the similarity of two stories may be too small to tell if they belong to the same topic. To deal with the problems, we try to introduce a story expansion technique in the basic algorithm. The method we employed is quite different from that proposed by Allan (2000) , which regarded local context analysis (LCA) as a smoothing technique. Each story is treated as a "query" and is expanded using LCA.
Our method is described below. When the similarity of two stories is higher than a predefined threshold TH expansion , which is always larger than or equal to TH decision , the two stories are related to some topic in more confidence. Thus, their relationship is kept in a database and will be used for story expansion later. For example, if the similarity of a story pair (A, B) is very high, we will expand the vector of A with B when a new pair (A, C) is considered. Table 3 shows our experiments on TDT2 data. We conducted different lexical combinations and different weighting schemes for the expanded terms.
Story expansion with the non-relevant terms would reduce the performance of a link detection system. That is, it may introduce some noise into the story and make the detection more difficult. We assigned the expanded terms two different weights. One is using the original weights, and the other one is using half of the original weights, which is denoted as "half" in Table 3 .
The results show that story expansion outperforms the basic method, and assigning expanded terms half weights would be better. The best performance when applying story expansion achieves 0.2638. The total miss rate was decreased to third fourths of the original amount. Sum up, story expansion is a good strategy to improve the link detection task.
Topic Segmentation
There is no presumption that each story discusses only one topic. Thus, we try to segment stories into small passages according to the discussing topics and compute passage similarity instead of document similarity. The basic idea is: the significance of some useful terms may be reduced in a long story because similarity measure on a large number of terms will decrease the effects of those important terms. Computing similarities between small passages could let some terms be more significant. The first method we adopted is text tiling approach (Hearst, 1993) . TextTiling subdivides text into multi-paragraph units that represent passages or subtopics. The approach uses quantitative lexical analyses to segment the documents. After through TextTiling algorithm, a file will be broken into tiles. Suppose one story is broken into three tiles and the other one is broken into four tiles. There are twelve (i.e., 3*4) similarities of these two stories. We conducted three different strategies to investigate the effect of topic segmentation. Strategy (I) is computing the similarity using the most similar passage pair. Strategy (II) is computing the similarity using passage-averaged similarity. Strategy (III) is computing the similarity using a two-state decision (Chen, 2002) . But the result is not so good as we expected. Up to now, the best performance is almost the same as the original method without text tiling.
Next, we applied another topic segmentation algorithm developed by Utiyama et al. (2001) . The results show that this segmentation algorithm is better than TextTiling. But the improvement is still not obvious. Table 4 shows the experimental results for topic segmentation. For strategy (III), the first threshold is 0.06, which is also the best threshold for the basic method, and the second threshold varies from 0.04 to 0.07 for segmentation. After applying topic segmentation, topic words would be centred on small passages. The amount of news stories discussing more than one topic is few in the test data and the overall performance depends on the segmentation algorithm. We make an index file similar to the original TDT index file. In this file, at least one story of each pair discusses multi-topics. We conducted different strategies to investigate the effect of topic segmentation. The experimental results demonstrate that topic segmentation is useful in this task (Chen, 2002) .
Multilingual Link Detection Algorithm
The multilingual link detection should tell if two stories in different languages are discussing the same topic. In this paper, the stories are in English and in Chinese. Comparing to English stories, there is no apparent word boundary in Chinese stories. We have to segment the Chinese sentences into meaningful lexical units. We employed our own Chinese segmentation and tagging system to pre-process Chinese sentences. Similar to monolingual link detection, each story in a pair is represented as a vector and the cosine similarity is used to decide if two stories discuss the same topic.
In multilingual link detection, we have to deal with terms used in different languages. Consider the following three cases. E and C denote an English story and a Chinese story, respectively. (E, E) denotes an English pair; (C, C) denotes a Chinese pair; and (C, E) or (E, C) denotes a multilingual pair.
(a) (E, E): no translation is required. (b) (C, E) or (E, C): C is translated to E'. The new E' could be an English vector or the vector is mixed in two languages if the original Table 5 shows the performances of multilingual link detection.
We conducted three experiments using different story representation schemes for Chinese stories. "E" denotes Chinese stories are translated into English ones. "C" denotes Chinese stories are compared directly without translation, but Chinese stories are translated into English ones in multilingual pairs. "EC" denotes Chinese stories are represented in Chinese terms and their corresponding English translation candidates. The threshold for English story pairs is set to 0.12. The threshold for the other pairs varies from 0.1 to 0.5. The results reveal that "E" is better than "C" and "EC". Comparing stories in translated English terms could bring some advantages. Some Chinese terms which denote the same concept but in different forms could be matched through their English translations, for example, "屠殺" and " 殺害" (kill), as well as "行為" and "行徑" (behaviour).
The effect of English translations for Chinese stories is similar to the effect of thesaurus. We employed the CILIN (Mei et al., 1982) in multilingual link detection. We use the small category information and synonyms to expand the features we selected to represent a news story. The experimental results are shown in Table 6 . We found that the performances of "E" translation and synonyms expansion schemes are very close. In our consideration, a good bilingual dictionary can be regarded as a thesaurus.
The results of multilingual link detection are apparently worse than those of monolingual link detection. When the threshold is 0.2, the best performance is 0.6260 and the miss rate is 0.4547. The value of miss rate is very high. To improve the performance, we have to reduce the miss rate. We found the similarity of two stories in different languages is very low in comparison with the similarity of two stories in the same language. It is unfair to set the same threshold for different languages, thus we introduced a two-threshold method to resolve this problem. The performance of the two-threshold method for synonyms expansion (denotes as "Syn") is shown in Table 7 . "Chinese" means the The result reveals that there is a great improvement when applying the two-threshold method. The threshold for Chinese story pairs is 0.2, the threshold for English story pairs is 0.12, and threshold for multilingual story pairs is 0.05. The similarity distributions for story pairs in different languages vary. As monolingual link detection, we did experiments about the combinations of different lexical terms. The results of these different combinations are shown in Table 8 . It shows that the representation of the best performance in the multilingual task is different from that in the monolingual task. CNs bring positive influence. But using nouns, verbs and adjectives to represent a story is better than using nouns and adjectives only in multilingual link detection. Words in Chinese are seldom tagged as adjective. They are tagged as verbs in Chinese, but are tagged as adjectives in English (" 安 全 " vs. "safe").
We also adopted story expansion mentioned in Section 2.3 before computing the similarity. Note that only stories in the same language are used to expand each other. In Table 9 , "One" denotes the weights of expanded terms are the same as the original ones, and "Half" denotes the weights of the expanded terms are only half of the original ones. The results reveal that expanded terms with half weights are better than with original ones. Giving expanded terms half weights could reduce the effect of noise. Nouns, verbs, adjectives and compound nouns are used to represent stories in Table 9 , and the thresholds are set as the best ones in the previous experiments. The expansion threshold for Chinese pairs varies from 0.2 to 0.3. 
Results of the Evaluation on TDT3 corpus
We applied the best strategies and the trained thresholds in above experiments for both monolingual and multilingual link detection tasks to TDT3 corpus. The results of our methods and of the other sites participating the TDT 2001 evaluation are shown in Table 10 . In this evaluation, both published and unpublished topics are considered.
For monolingual task, nouns, adjectives and CNs are used to represent story vectors. And the thresholds for decision and expansion are 0.06 and 0.07, respectively. For multilingual task, nouns, verbs, adjectives and CNs are used to represent story vectors. The thresholds for English pairs are set the same as those in the monolingual task, and for Chinese pairs, they are 0.2 and 0.25, respectively. The decision threshold for multilingual pairs is 0.05. In the multilingual task, our result (NTU) is better than The Chinese University of Hong Kong (CUHK). And the multilingual result is close to the monolingual result. This is a significant improvement.
Conclusion and Future Work
Several issues for link detection are considered in this paper. For both monolingual and multilingual tasks, the best features to represent stories are nouns, verbs, adjectives, and compound nouns. The story expansion using historic information is helpful. Story pairs in different languages have different similarity distributions. Using thresholds to model the differences is shown to be usable.
Topic segmentation is an interesting issue. We expected it would bring some benefits, but the experiments for TDT testing environment showed that this factor did not gain as much as we expected. Few multi-topic story pairs and segmentation accuracy induced this result. We made an index file containing multi-topic story pairs and did experiments to investigate. The experimental results support our thought.
We examined the similarities of story pairs and tried to figure out why the miss rate was not reduced. There are 919 pairs of 4,908 ones are mistaken. The mean similarity of miss pairs is much smaller than the decision threshold. That means there are no similar words between two stories even they are discussing the same topic. None or few match words result that the similarity does not exceed the threshold. That is the problem that we have to overcome.
We also find that the people names may be spelled in different ways in different news agencies. For example, the name of a balloonist is spelled as "Faucett" in VOA news stories, but is spelled as "Fossett" in the other news sources. And for machine translated news stories, the people names would not be translated into their corresponding English names. Therefore, we could not find the same people name in two stories. In substance, people names are important features to discriminate from topics. This is another challenge issue to overcome.
